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(54) Reinforced tubes 

(57) Reinforced, cuffed tubes 30 are made by wind- 
ing a plastic reinforcing filament 4 around the outside of 
tubing 2 and then applying a flexible layer 1 1 on top of 
the tubing to just cover the filament and form a smooth 
cuter surface. The filament 4 is then removed from 
regions of the tubing using a pick 13 to form a series of 
reinforced regions 15 and unreinforced regions 16 along 
the tubing 2. A second layer 21 is then co-extruded over 



the reinforced and unreinforced regions, which includes 
a longitudinal lumen 22. The tubing 2 is cut into tubes 30 
midway along the unreinforced regions 16 so that there 
is an unreinforced region at both ends of the tubes. An 
inflatable cuff 24 is attached to each tube 30 opening 
into the lumen 22 in the second layer 22. 
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Descri|>tlon 

This invention relates to reinforced tubes and nfieth- 
ods of forming reinforced tubes. 

Medical tubes such as catheters and tracheal tubes 
can be reinforced, to make them more resistant to 
crushing, by incorporating a helical reinforcement in the 
form of a metal wire or a stiff plastic filament. In many 
cases, however, it is preferable for the tube not to be 
reinforced at the ends so that these are softer and less 
traumatic, and so that connection can be made to the 
tube more easily. There are various ways In which such 
tubes can be produced. The reinforcing wire or filament 
could be applied to the tubing only over those regions 
where reinforcement Is required, leaving spaces 
between the reinforced regions so that the tubing can 
be cut between the reinforced regions to divide it into 
separate tubes each with an unreinforced end. Another 
arrangement, as described in GB 2043201, is to wind a 
reinforcing wire along the entire length of the tube and 
to remove the reinforcement by grinding from the 
regions where the reinforcement Is not required. In this 
latter arrangement, an outer layer is applied on top of 
tube after removal of the reinforcemerrt. 

It is an object of the present invention to provide an 
improved method of forming reinforced tubes and tubes 
made by this method. 

According to one aspect of the present invention 
there is provided a method of forming a reinforced tube 
including the steps of winding a reinforcing element 
onto the outer surface of a flexitde tubular member, 
applying a first layer of a flexible material to the tubular 
member substantially level with the outer surface of the 
reinforcing element, removing the reinforcement ele- 
ment from selected regions of the tubular member to 
form unreinforced regions intermediate reinforced 
regions along the tubular member, applying a second 
layer of a flexible material over the reinforced and unre- 
inforced regions, and cutting the tubular member in the 
unreinforced regions to divide the tubular member Into 
tubes having at least one unreinforced end. 

The reinforcing element may be of a plastics mate- 
rial. The first layer is preferably of the same material as 
the tubular member. The second layer is preferably 
applied by coextrusion and is of the same material as 
the first layer. The second layer is preferably formed with 
a lumen extending along its length. The method may 
include the step of applying an inflatable cuff to each 
tube after cutting the tubular member into tubes. The 
reinforcement element is preferably removed using a 
pick. The tubular member is preferably cut in the unrein- 
forced regions between the ends of the unreinforced 
regions so that each tube has two unreinforced ends. 

According to another aspect of the present Inven- 
tion there is provided a reinforced tube made by a 
method including the steps of winding a reinfordng ele- 
ment onto the outer surface of a flexible tubular mem- 
ber, applying a first layer of a flexible material to the 
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tubular member substantially level with the outer sur- 
face of the reinforcing element, removing the reinforce- 
ment element from selected regions of the tubular 
member to form unreinforced regions intermediate rein- 

5 forced regions along the tubular member, applying a 
second layer of a flexible material over the reinforced 
and unreinforced regions, and cutting the tubular mem- 
ber in the unreinforced regions to divide the tubular 
member into tubes having at least one unreinforced 

10 end. 

Reinforced tubes and their manufacture, in accord- 
ance with the present invention, will now be described, 
by way of example, with reference to the accompanying 
drawings, in which: 

75 

Figure 1 shows the apparatus schematically; 

Figure 2 is a sectional side-elevation view of a part 
of the tubular member at a preliminary 
20 stage of manufacture; 

Rgure 3 is a sectional side-elevatlon view of a part 
of a finished tube; and 

25 Figure 4 is a transverse cross-section of the finished 
tube along the line IV-IV of Figure 3. 

With reference first to Rgure 1 , the apparatus has a 
tubing extruder 1, which extrudes a continuous tubular 

30 member 2, of circular section, of a flexible plastics mate- 
rial such as PVC or polyurethane. Typically, the internal 
diameter of the tubing ranges from about 2mm to 11 mm 
with a wall thickness ranging from about 1 mm to 2.5mm. 
Instead of using an extruder, the tubular member 2 

35 could be previously formed, reel stock tubing. The tubu- 
lar member 2 emerges from the extruder 1 into a rein- 
forcement winding station 3 where a reinforcing element 
4 is wound helically about the tubular member. The rein- 
forcing element 4 is carried on a bobbin 5 or the like, or 

40 it may be fed directly from an extruder. Preferably, the 
reinforcing element 4 is a filament of a relatively stiff 
plastics, such as polyester or nylon, but it could be a 
metal wire. The filament 4 is of rectangular section 
being 0.25mm thick by 0.5mm wide for the larger diam- 

45 eter tubular members. Alternatively, a filament of circu- 
lar section could be used. 

The next station in the apparatus is a first coating 
station 10 where the tubular member 2 with Its reinforc- 
ing element 4 is given a layer 1 1 (Fig 2) of a flexible 

50 plastics material, preferably of the same material as that 
of the tubular member. The layer 1 1 is applied so that it 
just covers the reinforcing element 4 by a depth of about 
0.1mm, although it is only necessary for this coating to 
be applied to a level substantially level with the outer 

55 surface of the reinfordng element. This layer 1 1 helps 
retain and embed the reinfordng element and also 
forms a smooth surface along the tubular member 2. 
The layer 1 1 is preferably applied by co-extrusion. 
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Figure 2 
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Rgure 3 
25 Figure 4 
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At the next station 12, the reinforcing element 4 is 
removed from regions along the tui3ular member 2. This 
may be done In various ways, but preferably a pick 1 3 is 
hooked beneath the reinforcing filament 4 from the out- 
side of the tubular member 2, the pick being pulled out- 
wardly to pull the filament out through the coating 11 , as 
shown in Fig 2. Because the depth of the layer 1 1 over 
the filament 4 is only very thin, the coating provides little 
impediment to removal of the filament. The filament 4 is 
cut close to the surface of the tubular member 2 so that 
any short projecting part of the filament springs back in 
by its resilience. Typically, for the larger diameter tubular 
members, the reinforcing filament 4 is removed to form 
reinforced regions 15 about 300mm long separated by 
unreinforced regions 16 of about 50mm. The reinforcing 
filament 4 may be removed manually or automatically. 

immediately after the station 12 where the reinforc- 
ing filament 4 is removed, there is a second coating sta- 
tion 20. At this station 20. a second layer 21 is co- 
extruded along the entire length of the tubular member 
2, over both the reinforced regions 15 and the unrein- 
forced regions 16. as shown in Figures 3 and 4. The 
second layer 21 is preferably of the same material as 
the first layer 1 1 and is applied to approximately the 
same depth. The second coating station 12 extrudes a 
longitudinal minor lumen 22 within the outer coating 21 , 
along the length of the tubular member, such as in a lon- 
gitudinal rib 23 projecting outwardly The inflation lumen 
22 is used to make connection with an inflatable cuff 24 
assembled towards one end of the finished tubes in the 
usual way. the lumen communicating with the interior of 
the cuff via an opening 25 cut into the lumen from out- 
side the tube. 

The next station 23 is a cutting station where the 
tubular member 4 Is cut laterally into discrete lengths, or 
tubes 30. In most cases, the cut is made at some point 
approximately midway along the unreinforced regions 
16 so that both ends of the tubes 30 have unreinforced 
end regions. For some tubes, however, it may be prefer- 
able for there to be an unreinforced region at one end 
only, in which case, the cut is made at the junction 
between the reinforced and unreinforced regions. Sub- 
sequently, the tubes 30 are subject to various conven- 
tional finishing operations, such as end forming, 
attachment of the Inflatable cuff 24 or the like. 

The method of forming the tubes 30, therefore, 
comprises the steps of winding a reinforcing element 
about a tubular member, applying a first coating to a 
level substantially equal to the outer surface of the rein- 
forcing element, removing the reinforcing element from 
selected regions along the tubular member to form rein- 
forced and unreinforced regions, applying a second 
coating over the reinforced and unreinforced regions, 
and then cutting the tubular member in the unreinforced 
regions to form tubes with at least one unreinforced 
end. 

It has been found, by applying a preliminary layer 
1 1 prior to removing the reinforcing element 4 and then 



applying a subsequent coating 21 after removal of the 
reinforcement, that the outer surface of the finished 
tubes can be appreciably smoother than if just a single 
coating were applied, after removal. Also, because the 
5 tubular member fed to the second coating station 20 has 
a substantially smooth outer surface, It enables the 
outer coating to be applied by an extrusion process, 
thereby enabling additional features, such as an infla- 
tion lumen, to be incorporated into the outer lumen. 
10 The method of forming the tubes need not be a con- 
tinuous process, as described above. At various stages, 
the method could be inten^upted and subsequent steps 
carried out later. For example, the tubular member could 
be fed onto a reel after the first layer and the subse- 
ts quent operations carried out at a different location, or at 
a different time. 

Claims 

20 1. A method of forming a reinforced tube (30) Includ- 
ing the steps of winding a reinforcing element (4) 
onto the outer surface of a flexible tubular member 
(2), applying a first layer (1 1) of a flexible material to 
the tubular member (2) substantially level with the 

25 outer surface of the reinforcing element (4), remov- 
ing the reinforcement element (4) from selected 
regions of the tubular member (2) to form unrein- 
forced regions (16) intermediate reinforced regions 

(15) along the tubular member, applying a second 
30 layer (21) of a flexible material over the reinforced 

and unreinforced regions (15 and 16), and cutting 
the tubular member (2) In the unreinforced regions 

(16) to divide the tubular member into tubes (30) 
having at least one unreinforced end (16). 

35 

2. A method according to Claim 1. characterised In 
that the reinforcing element (4) is of a plastics mate- 
rial. 

40 3. A method according to Claim 1 or 2, characterised 
in that the first layer (1 1) Is of the same material as 
the tubular member (2). 

4. A method according to any one of the preceding 
45 claims, characterised in that the second layer (21) 

is applied by coextrusion. 

5. A method according to any one of the preceding 
claims, characterised in that the second layer (21) 

50 is of the same material as the first layer (11). 

6. A method according to any one of the preceding 
claims, characterised in that the second layer (21) 
is formed with a lumen (22) extending along its 

55 length. 

7. A method according to any one of the preceding 
claims, characterised In that the method includes 
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the step of applying an inflatable cuff (24) to each 
tube (30) after cutting the tubular member (2) into 
tubes (30). 

8. A method according to any one of the preceding s 

claims, characterised in that the reinforcement ele- 
ment (4) is removed using a pick (13). 

9. A method according to any one of the preceding 
claims, characterised In that the tubular member (2) w 
is cut in the unreinforced regions (16) between the 
ends of the unreinforced regions so that each tube 
(30) has two unreinforced ends (16). 

10. A reinforced tube (30) made by a method including is 
the steps of winding a reinforcing element (4) onto 
the outer surface of a flexible tubular member (2), 
applying a first layer (1 1 ) of a flexible nnaterial to the 
tubular member (2) substantially level with the outer 
surface of the reinforcing element (4). removing the 20 
reinforcement element (4) from selected regions of 
the tubular member (2) to form unreinforced regions 
(16) intermediate reinforced regions (15) along the 
tubular member, applying a second layer (21) of a 
flexible material over the reinforced and unrein- 2s 
forced regions (15 and 16), and cutting the tubular 
member (2) in the unreinforced regions (16) to 
divide the tubular member into tubes (30) having at 
least one unreinforced end (16). 
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Fig.2 




Fig.3 
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